P. Pieranski, F. Brochard, E. Guyon. Static and dynamic behavior of a nematic liquid crystal in a magnetic field. Part II : Dynamics. Journal de Physique, 1973, 34 (1) Abstract. 2014 The dynamics of the distortion of a well-oriented nematic liquid crystal film in a perpendicular field around the Freedericks critical field value is studied both theoretically and experimentally. The experimental thermal and optical techniques have already been used for the description of the equilibrium properties of the transition. Their use for the measurement of transition rates leads to an accurate verification of the Leslie-Ericksen hydrodynamic theory and to a demonstration of the role of back flow effects. The divergence of the characteristic time close to the critical value follows accurately the general Landau model of second order phase transitions. The value of the twist viscosity coefficient 03B31 is obtained.
Abstract. 2014 The dynamics of the distortion of a well-oriented nematic liquid crystal film in a perpendicular field around the Freedericks critical field value is studied both theoretically and experimentally. The [1] ] (which we will refer to as I), we have discussed the static behavior, in a magnetic field perpendicular to its director axis n, of a nematic film of thickness d contained between two parallel glass plates. The three geometries used were given in figure 1 of 1 and are reminded in the insert of figure 7. A theoretical discussion based on the FIG where Kii is an elastic constant and xa is the anisotropic part of the magnetic susceptibility.
We have used methoxybenzilidene butylanilin (MBBA) which is in a nematic state between 16 and 46 °C. Our experiments based on heat conductivity and birefringence measurements are carried out in geometries 1 and III (some results have also been given in the case of geometry II [3] ).
In this second article, we consider the dynamic relaxation of the distortion when a field is varied suddenly. A first discussion was given in reference [4] (II). The theoretical description of this behavior will be given in terms of the Leslie Ericksen [5] hydrodynamics theory (we use the notations of ref. [6] Figure 1 shows the variation bT with field of the temperature difference across a 300 Il thick homeotropic (geom. I) LC film. At point A, the undistorted film is subjected to a magnetic field The temperature gradient increases since the heat conductivity along the molecules is larger than that at right angle to them (ref. [1 ] Physically 8m(t) is just proportional to the time dependent contribution of the heat conductivity. Actually, the experimental variation of bT(t), when a field is applied, given on figure 1, has the same characteristic shape as the solution of (111.4) given on For large values of t, (Jm(t) reaches the saturated value 0(oxo) exponentially with a time constant so '(h) :
For small values of t, the initial increase of the distortion is given by :
The fluctuations of the orientation in the undistorted state (t = 0) are represented by the average :
In order to obtain the thermal contribution to e2, we apply the equipartition theorem. The fluctuations of the director axis around the average value of n will be described by ôn(r [5] , [6] . Neglecting the inertial effects, correct here, this equation can be written as :
The coefficients n1 and il2 represent the kinematic viscosity for a shear flow Vx(z) parallel and perpendicular to n as measured initially by Miesowicz [12] .
The Leslie coefficients have been obtained for MBBA by Gâhwiller [11] . The The results for geometry III, using the value A = .75 for MBBA [11] , are plotted on figure 7 already given in reference [2] .
We have kept the smallest X solution : for positive s, it corresponds to the fastest increase of the distortion (as seen on (III.16)) and, for negative s, to the slowest decrease of the distortion. Curve (a) shows that the wave vector of the distortion increases with the field. For h N 1, the distortion is very slow and we get X = n/2 : As 0 varies slowly, a quasistatic variation is naturally expected. The given by the inverse of the intercept with the t = 0 axis, increases. b) Fluctuations. We first discuss qualitatively some possible sources of initial misalignment : -Thermodynamic fluctuations : the contribution was estimated in the theoretical part of this chapter.
-Poor alignment in the initial state. In the experiments reported in a previous note [14] , the behavior in an increasing field was very similar to that in a decreasing field. We have given in figure 12 (curve 3) such a typical « upward » field variation. The initial misalignment was rather large due to an insufficient surface treatment (although we could observe extinction along the principal axis between crossed polaroids).
FIG. 12. -Initial distortion for a well aligned planar film in a perpendicular field (2) , in a slightly inclined field (1) and for a poorly aligned film (3).
-Tilt of the magnetic field. In an homeotropic sample, we have applied a magnetic field at an angle with oz. The curve for a field tilted by an angle of 60 (Fig. 12, curve 1) shows a faster initial start than that with a field perpendicular to oz (curve 2). It also indicates that a very large misalignment is probably required to get curve 3. The exponential behaviors of 1 and 2 for large times are very close. De Gennes has suggested to us that the large time behavior could be controlled by the exlusion of walls separating domains with opposite value of the angle, ± {}m. In the planar case, for example, such a wall would have a heat conductivity smaller than that of an homogeneous region. However, the growth of the + and -domains should depend drastically on the tilting of the field which would favor one sign : the absence of such effects in our experiments may be due to a small residual misalignment and to the fact that the area of the walls is only a small fraction of the total area of our thermal experiments (although we have actually observed these walls in the two configurations studied here).
Let us consider quantitatively the results of figure 11 for different values of the initial lower field hl ( [16] , is accurately obtained on both sides of the transition as in the superconducting corresponding problem discussed in the appendix. A similar variation was reported in reference [2] for homeotropic films in a field range 0 h2 5. This behavior is consistent with the result of Form (IV . I).
However, we expect the value of the ratio yÎ(0)/yÎ(h) FIG. 14. -The inverse of the time constant, measured optically (see Fig. 3 ), for upward field (h1 &#x3E; 1) and downward field (h2 1) experiments follow accurately a (h -1) variation in geometry I. The 16 . The fesults are compared with those of reference [11] and [17] .
Our data are compared with a value based on flow viscosity by Gâhwiller [11] ] and the temperature dependent data of Prost and Gasparoux [18] who used measurements in a rotating magnetic field. They also agree with those of L. Léger [19] deduced from the motion of walls in a magnetic field. The temperature dependence of y1(T) is large although we find a smaller dependence than that reported in [17] ; The agreement with the values already published is a further confirmation of the validity of our description. The agreement between planar and homeotropic corrected results is a further proof of the role of back flow effects included in the (1 -A/6) correction in the homeotropic case. However, we feel that this agreement is not as significant a proof as the behavior observed in figure 15 : the accuracy on yl is not better than 10 %.
In addition, different LC films were used for the homeotropic and planar studies.
In conclusion, her study of the Freedericksz transition reported in this paper and in reference [1 ] [22] . It is amusing to note that the variation of r(O)/,r(T/Tc) is strongly analogous to the parabolic variation of T(0)/T(h) although it is given by a more complex form :
where (x) = F'(x)/T(x) is the digamma function.
The nematic experiments however provide the first direct check of the Landau dynamic description, as the time constant in the superconducting problem is unmeasurably small :
